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Previews
vesicle movement to a distinct range. Many tetheringVesicle Tethers Promoting
proteins are soluble proteins that are recruited to theFusion Machinery Assembly membrane by specific lipid and protein interactions, in-
cluding the GTP-dependent interaction with compart-
ment-specific Rab GTPases (Zerial and McBride, 2001).
It seems that the organization and composition of a
specific tether complex is adapted to the distinct needs
of the specific transport step. Recent data indicate that
In a recent issue of the Journal of Cell Biology, Shorter several tether complexes contain at least one compo-
et al. demonstrate that p115, a vesicle tethering pro- nent that directly interacts with SNARE proteins. This
tein, binds specific SNAREs, key components of the raises the question of what role tethering proteins may
membrane fusion machinery, and uncover that this play in regulating SNARE complex assembly.
interaction promotes the assembly of the fusion ma- Warren and colleagues now show that p115, a teth-
chinery. ering protein associated with the Golgi, promotes
SNARE complex assembly (Shorter et al., 2002). p115
specifically binds SNAREs involved in ER-Golgi and in-
tra-Golgi transport, but does not interact with SNAREsIntracellular membrane trafficking and cargo delivery
which are involved in the trans-Golgi network and endo-require the specific fusion of a transport vesicle with
somal trafficking. More importantly, in crude cellular ex-a distinct target membrane. To achieve the necessary
tracts, p115 accelerates the assembly of what seem toaccuracy, eukaryotic cells apparently employ a two-
be three distinct Golgi-SNARE complexes, each con-stage process. The first step is characterized by the
taining syntaxin 5 as a common component. This assem-specific tethering of vesicles to the target site, usually
bly function is mediated by direct p115-SNARE interac-a membrane subdomain within a cellular compartment.
tions, since p115 directly and independently bindsThe second step involves the assembly of the fusion
syntaxin 5 and GOS-28, and promotes their association.machinery, which outlines the functional borders of an
It needs to be established whether GOS-28 functionsintracellular compartment. Both steps contribute tar-
as a v-SNARE or forms, together with another SNAREgeting specificity and are characterized by distinct sets
light chain and syntaxin 5, the t-SNARE complex. It alsoof proteins.
remains to be shown whether p115 binds and promotesSNAREs, the key components of the fusion machin-
the association of other SNAREs within these threeery, are compartment-specific proteins characterized at
SNARE complexes. The ability of p115 to dimerize andtheir sequence and structural level by the SNARE motif
thereby provide a physical link between syntaxin 5 and(a coiled-coil structure with a central ionic layer). When
GOS-28 appears to be essential for the assembly func-v-SNAREs on a transport vesicle pair with their cognate
tion. Specific SNARE binding involves a distinct coiled-t-SNAREs on a target membrane, forming SNAREpins,
coil region within p115, which by itself is not sufficientthe two lipid bilayers are brought into close apposition
for SNARE complex assembly. In fact, this coiled-coil
and fusion occurs (Weber et al., 1998). This involves the
polypeptide inhibits the p115-SNARE interaction, blocks
assembly of the SNARE motifs into a highly stable four-
the reassembly of postmitotic Golgi vesicles and tubules
helix bundle which probably “zips up” in a membrane-
into mature cisternae, but does not interfere with vesi-
proximal direction (Sutton et al., 1998). t-SNAREs cle/tubule tethering. These results indicate that the
contribute three helices to the bundle and consist of a p115-SNARE interaction is not required for the tethering
syntaxin family (heavy) chain and two light chains, each process itself, but for the activation of the downstream
contributing one  helix. The v-SNARE contributes the fusion machinery. Further molecular and structural stud-
fourth  helix (see Figure). Both t-SNARE and SNAREpin ies should reveal the target sites for p115 within SNAREs
formation are highly regulated, and their assembly con- and uncover the specific reaction mechanism.
tributes remarkable specificity to membrane trafficking If the SNARE assembly function is a general theme
(Chen and Scheller, 2001; McNew et al., 2000). of all tethering complexes, then each tether complex
In contrast to the fusion machinery, vesicle tethering should contain at least one component fulfilling such a
complexes, which frequently localize vesicles to distinct duty. An obvious candidate for the endosome-endo-
membrane subdomains (such as the budding site for a some fusion step would be EEA1, a soluble homodimeric
daughter cell at the yeast plasma membrane, the active tether, that has a high content of coiled-coil structures
zone at the neuronal synapse, or the cis or trans side and is known to bind syntaxin 13 and syntaxin 6 (Zerial
of the Golgi), have a much more heterogeneous compo- and McBride, 2001; Simonsen et al., 1999). Despite its
sition (Guo et al., 2000). Vesicle tether complexes are name, syntaxin 6 seems to be a light chain of a t-SNARE
in general compartment specific, composed of several and is not a true syntaxin homolog (Bock et al., 2001).
protein subunits and frequently contain large multido- Remarkably, both p115 and EEA1 interact with specific
main proteins. Soluble elongated  helix-containing Rab proteins, Rab1 and Rab5, respectively (Allan et al.,
polypeptides within some of these complexes seem to 2000; Zerial and McBride, 2001). It will be interesting to
determine whether and how these small GTP bindingdetermine in part the tether length, thereby restricting
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Vesicle Tethering, Docking, and Membrane Fusion
The model shows the promotion of SNARE complex formation by a vesicle tether. The SNARE binding domain in the tether adopts a coiled-
coil conformation and at least two copies are required (Shorter et al., 2002). The vesicle tether includes specific membrane-bound receptors
on the vesicle and the target membrane (elliptic symbols), respectively, and a bridge consisting of a multidomain protein (or several cytosolic
proteins; brown L-shaped symbol). Dependent on the initial localization of the bridging molecule, it may already interact with a distinct subset
of SNAREs. For simplicity, the tether is shown as a monomer and is omitted from later reaction stages; other regulatory components controlling
SNAREpin formation and “zipping up” are not depicted in the model.
proteins affect the tether-SNARE interaction and the Thomas H. So¨llner
Cellular Biochemistry and Biophysics ProgramSNARE complex assembly reaction.
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Selected Reading
compartmental specificity. Tether complexes add an-
other level of specificity and direct membrane fusion to Allan, B.B., Moyer, B.D., and Balch, W.E. (2000). Science 289,
444–448.distinct sites within a compartment, providing SNARE-
Bock, J.B., Matern, H.T., Peden, A.A., and Scheller, R.H. (2001).independent vesicle tethering sites. One of the tethering
Nature 409, 839–841.proteins establishes contact with the downstream fu-
Chen, Y.A., and Scheller, R.H. (2001). Nat. Rev. Mol. Cell. Biol. 2,sion machinery by binding a specific subset of SNAREs
98–106.and promoting their assembly into a complex, finally
Guo, W., Sacher, M., Barrowman, J., Ferro-Novick, S., and Novick,leading to fusion. This cascade of protein-protein inter- P. (2000). Trends Cell Biol. 10, 251–255.
actions mediating site-directed membrane fusion also McNew, J.A., Parlati, F., Fukuda, R., Johnston, R.J., Paz, K., Paumet,
solves the problem of correctly sorting the vesicle tar- F., Sollner, T.H., and Rothman, J.E. (2000). Nature 407, 153–159.
geting machinery itself. It would be an extremely difficult Shorter, J., Beard, M.B., Seemann, J., Dirac-Svejstrup, A.B., and
Warren, G. (2002). J. Cell Biol. 157, 45–62.task to precisely sort a vesicle targeting/fusion machin-
ery consisting of only a few components in a highly Simonsen, A., Gaullier, J.M., D’Arrigo, A., and Stenmark, H. (1999).
J. Biol. Chem. 274, 28857–28860.dynamic environment such as the secretory pathway.
Sutton, R.B., Fasshauer, D., Jahn, R., and Brunger, A.T. (1998). Na-However, with a multicomponent machinery in place,
ture 395, 347–353.whose individual proteins are sorted independently, a
Weber, T., Zemelman, B.V., McNew, J.A., Westermann, B., Gmachl,broad distribution of one or more components would
M., Parlati, F., So¨llner, T.H., and Rothman, J.E. (1998). Cell 92,
not compromise compartmental specificity, because ef- 759–772.
ficient fusion will only occur when the entire machinery Zerial, M., and McBride, H. (2001). Nat. Rev. Mol. Cell. Biol. 2,
107–117.is present and active in the same location.
